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a b s t r a c t
This paper analyses the inﬂuence of the coating process in the optical efﬁciency of replicated Moire´
Diffraction Gratings (MDGs), which are applied on real ﬁeld applications for measuring both the surface
displacements and strains. The Moire´ diffraction technique is an experimental full-ﬁeld, non-contact
and high resolution optical method, which can reveal to be very useful in extreme harsh environments.
The optical efﬁciency of the replicated MDGs plays an important role in the quality of the experimental
measurements. Two processes were used to obtain the metallic coatings: sputtering and aluminum
vaporization. A good coatings quality with high optical efﬁciency was achieved for both processes (e.g.,
17%–28%). However, for the replicated gratings a slight decrease in the optical efﬁciency was found
(e.g., 14%–21%). The MDGs were successfully used for the experimental measurements of displacement
and strains in a single lap joint. The measurements also showed that high quality of measurements
allowed the identiﬁcation of unbounded regions.
& 2012 Elsevier Ltd. All rights reserved.
1. Introduction
Nowadays, the emergence of new materials whose mechanical
behavior must be characterized has forced the development of new
and more adapted measurement techniques [1,2]. In last few years,
the optical methods have been used by the industrial and scientiﬁc
communities as an important measurement technique [3,4], moti-
vate by their high resolution, non-contact and full-ﬁeld measure-
ments. This is the case of Moire´ interferometry, which is used in
many optoelectronic applications to measure displacements [5],
evaluating deformations within microelectronics devices [6–8],
and in optical communications [9,10]. Lithographic and Microsys-
tems speciﬁc techniques [11,12] can be used to replicate high-
quality Moire´ Diffraction Gratings (MDGs) into the surface whose
displacements has to be measured.
The Moire´ is an experimental technique which allows measur-
ing surface displacements and strains. This is based on the
interference fringes resulting from the superposition of two
gratings, where one is recorded on the surface specimen and the
other is used as a master grating and works as reference. Moire´
methods can be used to measure in-plane [13] and out-of-plane
[14] components of the surface deformation. For in-plane mea-
surements the Moire´ grating must be copied on to the object
surface to interfere with a master grating. The grating on the
object surface is deformed by an application of external load. The
superposition of deformed and master gratings will produce Moire´
patterns or Moire´ fringes. For out-of-plane measurements is used
the superimposition of a master grating and its own shadow
[15,16]. The shadowMoire´ fringes are points of equal deformation.
The sensitivity difference between the shadow Moire´ and the
holographic interferometry is further than two orders of deforma-
tion magnitude [17]. However, the sensitivity of the shadowMoire´
can be improved by the application of optical/digital fringe multi-
plication techniques [18] and phase-shifting techniques [19].
The main contribution of this paper is related to the analysis of
the inﬂuence of coating fabrication processes of MDGs in real-
time strain measurements and real-ﬁeld environments.
2. Moire´ Diffraction Gratings and technology
The Moire´ interferometry is an optical technique that uses the
diffraction of coherent light principle produced by a high frequency
diffraction grating for measuring the full-ﬁeld displacements and
strain on the object surface [20]. The application of this technique
requires the imprinting of gratings into an object surface and at the
same time, it should present optical efﬁciency and a good grating
quality. For in-plane measurements, a secondary interference fringes
must be created in order to measure the object surface deformation.
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